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Abstract - q’his  artic]c presents aII :IIiv, III,{(I

antenna technology, namely the pril ~tcd ] (. (11’( [; f r, l),

that has the potential for providit]~  an ci)tl III( [d

communication capability wit]l rclalivclj’  l(~\\ lco\[,

small six and small  nurss. I t  has appllca[l(lt,  ill IIlu

commercial and military arenas as WVII :1( Iti :.l ,;l[c

cxplorat  ion.

lNTROI)UCI’10N

~“hc printed rcflcctarray  antenna ‘1’23] or fl:,l tcfl ,t ~ ,r

basically consists of a very thin, flat rcflccfill~> ,s~]l [ii .C

and an lllumina[ing  feed. On the rcflccltl)j,,  sIIr, I(:,

many printed miclostr  ip patches or dipoles  rll;l} Iti

implcmcntcd  without any po\vcr  divisioll  ]i:.’t  \\(}J }: ‘1”1,,’

rcflcctarray  feed illuminates the printed Clcr]icll(s  ~i i Ii{,  I(

in turn arc designed to .wrttcr or rc-radiat( {Ilr II ILI.  IC II

field with a plalmr phase front in a dcsi~[wlcd LiII\~’ IK)II

The main beam of the antenna can bc citl]~t  flx(,l  Ill o

particular dircc(ion  as ill a passive systcr~i  or c:,Iti 1,~

actively scanned to cover a \viclc hcmisphcr  IC:II J ty ,(.vI

‘l-hc  act ive scanning nlay bc accollll)]ls])c,i  VI [ 1~,.I

electronically by implanting phase sl~ifl(rs  irli,) ill..

pr inted clcmcnts  or mechanically by l~sili!,, l]~,:r,  )

miniature motors undcrllcath thcm. I]cc~[ls~  tl](.r c, i, II,)

need for low IOSS l)o\\,cr  dividing Gil ~llil  I \ [1 c.

expensive 1“/R nlodu]cs  and complicated bc:IItIfiJ[ L([

arc not nccdcd. ‘l”his  is the most signiflcal  It a(i\;Ill[  (!I,

o f  t h e  p h a s e d  rcflcctarr~ly  \vhcrl  COJlljVIICd to [Il.

convcntiomrl phased arlay. Since a ]firgc  i](ll[l(j)l  ()( I.ti,

;Intc]illa, c swpt for il~ fk(l  c]cmcnt,  is a flat structure

\\ith Io]v J]Jof]lc, tllc  antenna c a n  b e  confom~ally

]Ijoulitcd c)lito cxl<till~, stlucturc,  SUCII as a building,

slli])’s  hull, l:itd vcl)iclc,  spacccrafl,  e t c .  Comrncrcial

a])plic;ltioll,  SUC1] a\ tl]c (iircct broadcasting satellite

(1 )1;S) SC] }icc,  is a ~,(Kd csamplc where a flat reflector

call I]OW 1)(’  cor)forillall!’  mounted onto the roof or wall

Of it buiklin!,  01 a ]csidcvltial  house. For spacecraft

a~q]li(:]tiol], the aTIlCIIII:I’S  flat structure can be much

nmr c casil,v clc})lo)’cd, as compared to a parabolic

rcil(:c!or, to for (11 a I:lT!:c  ajjcrturc  with relatively small

sl(m’a~,e  Volulllc, ‘I”licic arc c]thcr unique applications of

tlw pi illtcd  l~flccl:lrla!’ l’or an example, it can bc

illtcj:r.~lcd  with SO](1 I :11 j iiy CCIIS on a spacecraft to save

wal c.state  arid IIIa<S. A rdlcctar~ay designed with a

confiqumblc  Iwolil,  oII1(J  tlmn a pencil beam, can bc

ac)liwcd }\itl]  a sirl~llc  f<cd horn by phasing the patch

clrlircrlts  pl,qjcrlj. I ~u}]d}vidth  and cfl;cicncy are t}vo

V(’1 \ ’lrr]lmr tarlt ~)cJ for lli:ttwc  characteristics of the

mi(roslrip ]~flcctall:  ]>. {’calculations and rncasurcrncnts

b>! sl:\L[al  1 csc:) rclll]s  ll:lvc  sllo\\I]  that the rcflcctarray

alitclillr  CaII  arhlc)c  a l~:]lld\viclth[4]  around 10°/0 and an

efflcicrlcy ‘s:’ 7] b~tticcll  50’Y~  to 700/0 depending on the

clcsi~,r]

AI IVllN1’AGES

‘1’11< ad\at  It 2!!,L’.  of a microst  rip rcflcctarray,

\v}ItII  conll lard \\i[ll  a ixrrabolic  r e f l e c t o r  o r  a

collvurll  ional arra>’,:{ r t, rwmy-fold: g~ Surface

Il[[lurlt:ll)lc: ‘J hc rcflll l:lr ray’s flat reflecting surface

call  bc flush nlourllcd  oil[(~  its mounting structure, such

as a rlmbil~’ wlliclc,  :: sj)acccraft,  or a building. It

rccjuirm  less sil~l]]or(irl{’, str LICtUIC  mass and OCCllpiCS

IN wlum: as co IIIjI::  rcd to  a  cu rved  pa rabo l i c

rcflictor,  ‘1 lIc arltcrlli:(’s  It flccting  surface can also bc

rliolllllc,]  co~lfoll[ia]])’  (.)il[() a slightlv  c u r v e d  StI_LICtLIrc

(ci[llct  conc:i~c or corliuk), “J’IIC  phase deviation of the

slip,llt Iy c urvtd s[ruc(~lr(  c~lrl  bc con]pcr~satcd  for in the

dcsij’,1]  of C(icll l,:~tcli clcrllcnt’s  clclay phase, t))



Scqntmblc.bcanl: The main beam of the aIIt CIIII;  I C:I rI Iw

designed to point at a large fixed angle (up to (,(V) t 1 (~ Ii

the broadside direction, while the parabolic I<(1(  ,:~( )1

have only limited beam scan (a fc\v bcan]\vi(i[tl<) ‘1 ‘lit

mak beam of the microst rip rcflccta  11 a> c: i 1) 11.

electronically scanned by implanting phase dlific~s iil II )

the phase delay lines as shown ill 1 “IP,I)l< 1 (N

‘4] by miniature rnotots  as tlc~):~idmechanically scanned

in Figure 2. With the mechanical scz-mnill~’, tc~lIII.]11,,

complicated bcmnfonncr  and high-cost ‘1/1< 11-I{ Nl\IIL:.  aIC

no Ionfy nccckd. G) _II~h.  reliability: Sill((  :,1 tllc

printed elements in the rcflcctarray  arc ]st)l:lt(:l  11<1:11

each other, the failure of a fc\v elcnmlls  rlt:t! It:ilc

insignificant impact oli the performance or tlic aIIt JIII:I

w i th  thousnnds of clcmcnts. If 1/10 of 11,{  1(’1;;,1

elements fail to function, the antenna g,ail[ los~ 1s {,~iil\”

on the order of 0.5 d]]. Graceful d(~,r.l(i:ltl~~:l  ill

pcrfonnancc is ccrtaiIlly  one significant :l(l\,lllil!  <lf

the antenna. ~),...lo l~llallllfactllrirl~,l~,  cos[ ‘1 11,:

rcflcctarray,  being in the form of a pri]i[~.{1  II IICI( [III

antenna, can be fabricated with a simple and if)\\-cost

etching process, especially when prod(laxi  II) 1:1. I! IL’

wantitics.  E) VcLv_!ar~e.3pcfl~lrc_  31~!cI!t~:l  I)Llc t! IIlc

fact tha(nopowcrd ividcri snccdcctintht  rcfl.c[:,, i),

the resistive insertion loss of thousands cjf IIII([t~itIIl)

patches in the rdlcctar(ay  is the same as 111:11  ()} ; f,~\

patch elements. 31N1s,  t h e  rcflcctalra}’  c.ill OCIIl(\c

relatively good cftlcicncy  as an Clcctricall}’  I: II! I,{ ,JIIJ\

a n t e n n a  s y s t e m .  f), _~~_sily_  dcploy:lt]lc  \\;l,u  :,

dcploynlcnt  mcchanis]n  is nccdcd for a l:ir!]~  alw[lIt~.

antenna, the flat structure of the rcflcc[Orl;  l\ c;ll Iw

folded or unfolded by a simple lki~lj),t  {!i~. of

mechanism. A siilglc  or doub]c  folding, II ICCII:IIIIW  II fLI)

a flat structure is approxin~atcly  an OIdCI of II I:  I! J, I,, ttI(i(

simpler than any deployment tncchanisnl  fclr [i cr,~tl

parabolic structurcalld  is also more rcli:ll)lr  ‘III. {1:1(

panel fc)ldillgtccl~niq~lcllas  been conmKNIl) (i<r(i III IIIC

deployment of solar panels and has slio\\Il  ci(.11.ilt

reliability.

—

‘1’11(’ t \vo IIlost important pcrfornmncc

chalaclcristius  of t h e  prilltcd  rcflcctarray  a r c  i t s

efl-lcimcy and halld\\idth  “I”hc  e f f i c i ency  o f  the

reflcctolray  is conqm!;lt)lc  to that of a parabolic

rcflcutor  (500A1  - 7(Y!4) I]oth types of antennas have

Cquilalcnt  losses, sucli  as spillovcr loss, aperture

illuu~il~:ltioll  loss, :In[i  f~td insertion loss. The only loss

of tllc rcflcct:lrlay  tlmt  is not associated with the

pa~alm][c  I(flLx(or  is its rc-radiating  e l emen t  los s .

]hJN’c\cr, fbr ~]lirltcd  clclncnt,  s u c h  a s  a  single

nvc Ios!Jip lntcl),  ttli.s  loss is gcncral]y very small and is

in th: ordc~ of’s fc\v tcll[hs  of a dccibcl.  This small

anmlnt of clcllmlt  loss Iwlds  true across the microwave

ald  kJ\v rll)lllnlct~’r  \\,l\c ftcquenc~’  b a n d s . Recent

nuwsurcd results fLll an X-band rnicrostrip

Icflcct:il  la!’ “J i’alid;ltc  tllc :llJ()\/c~)rcdiction.

I“hc bal~fl\\id[ll  c)f a  p r in ted  rcflcctarray  is

litliitcd  by fo~ll f:l(to(s’”[], These arc the element

baild\\idth, tl~c CIC]WI)[ spacing, the feed bandwidth,

a[ld tlw spoti:[[  pllaw d<lay. Among these four, the

spa[}al  phaw ckl;I> is lllc most crucial factor. It is

causs.d by the pfitll  IcII:III1  differences bctwccn  the feed

tothcc~ntcl  clcl~icn[\  :lldtllc  fccdtoth ccdgcelct~~cnts.

~’llrsci~atll  lcilf’,t}]  dlflur~l)ccsc  arlbcn~anyn  ~lllti~~lcsof

a ~va~’~”lcnf’th  As fl((]il~’ilcy  changes, the phase change

of tllcsr pa~,ll  lci)~,tl)  dif’iii~vlccs  can bc a IarSe portion of

a \\aiclctl~’,tll  arl(i tlIi I< caLlsc the  pe r fo rmance  to

“1’ 1) IS S1 Io\vn that with proper f/Ddcl~,ra(ic. (’;ilcula~io)l  : .

rat io of tll~ reflector 1 ;L~ design, a 10’XO bandwidth is

acllic\  able ~~’ith mI :iIIt~:IIna  aperture diameter of 50

W:lvdl.mp, tli!> 01 Slll;lll  (’r, 7’his  band\vidth  c a n  bc

illclcawd l~y usilip,  1):11 il:il  t imc-delay-line approach to

acllic\  c th( rcquil cl ~)li:lw dc.lay at each clement.

Al’)Jl 1( ’A’l’JONS

}]wausc of )[s ]o\\ profile, small mass, and

potcnl ion) lo\Ycr cost, IIic lnicrostrip  rcflcctarwry  has



several at(ractivc  applications. C)ne is as :~ }(II .tl,~m;

Direct Ilroadcast Satellite (DIM) antct, ulo ‘1 1,, fla[

rcflcctarray  can bc surface rnountcd o]] a buil(itlly  < si[i:

wall or rooftop as that dcpictcd in Fig,u rc 3, N(I1 (1111)’

dots it Lqkc lC.SS space, but it is A() i)~.tl]~ Ir, rll,

appealing. Another application is as a I )1 ~S 1 d )JI(’

vchiclc  antcm)a.  l“hc antenna can bc rr)oul)[,.ii  (111 III(I

rooftop of a large vchiclc, such as a \ ;III 01 0

r e c r e a t i o n a l  vclliclc  (RV), for satcii  itc 1(Ic ,ls i C)II

reception. The antclma, shown in l~ig,rirc  4. III< :111

el l ipt ical  aperture ant i  is  n)cchanic.aii)r  sitxrt.1 if]

azimuth to track the satellite as the \x+iclc  ]IO,C<

about. TiIc elliptical aperture is intcntkxl  ji)) \\i.ic]

elevation bcamwidth so that slight  ya\v o] pi(~ll  1111.111,111

of the vehicle will not cause a significant  si~rl:ll  fii.1~

Thcthird  possible application ariscsfrmn  ti)c f.let !II;ll  a

rcflcctalray can bc easily dep loyed  to fblJlt  ;t IL II II,(’

aperture for .spacc application as that dcpictcct  il~ 1 I!~,.Ilt

5. The deploying mcchmism can be the sirlll,lt.  f( 1[1111~~

type \vith  spring-] oadcd  hinges, Anc~til,t  \(I) 1:11{1(

aperture mlcnna for space app]ical  ion l\ [IIL

rcflcctarray in an inflakrblc confl~,rlra[]flrl \\llll

significantly reduced nmss. “I”hc f l a t  11.’flc,’!llly llllli

membrane SUI faces (patches and grout Id } I] I t IL ! JIL’

supported by an inflated, and then ri:’,i(irz,.ci,  tutm

structure as shown in Fig,urc  6. }<Ir s} I:Lc< ,.r ,Ifl

applications, very often both the antenna ;tl N.i 111~.  ~.ol;lr

array panc]s  arc very large structulcs 1[ ii tiIIIS

advantageous to combine the two large sl I (]CIII 1 <s ]llt(.)

one .  Onc  tcchlliquc  is to usc the krc} of tlIL fl; lt

rcflcctarray  for soiar  array. IIowcvcI,  \\ilcll 11:)[11  l~lc:

solar array and the antenna arc requircci  tcl t)c l)l;l(ci  {H]

the same side of the panel, the ap])ro:, ch of” u.ili!~,

rcflcctar[ay  with printed dipolcs[*l,  instca(i  of’ ~);t[t lit :.,

can bc used, As illustrated in Figure 7, most  oj III( s.,li

light will pcnctratc  through the dipo]c an(i tile II ILII,. i

ground plane layers and illuminate the soi:I :11,1)

cffcctwcly.  Another in~portant  applicatic)il  is {II 11, : III, .’

the amplitucic  and phasC ofthc  antenna :lllrl&\l  T<’ (of! t,:

adjusted by varj’inf;  the sizes of the patch  CI~IIM,IIi, ~~1

by v:jlyirrj)  tllc ])}UISC  (irlay line lengths, the rcflcctarray,

as a spal.ccl:ifl  afltcrlria, can provide configurable

sliapcd  h::ulis {L)t (ilff’~.rcrit  I;arth covcragcs. Since

tlwL)sands of clclltcvl[~  arc general ly nccdcd in a

rcftc~tarri[y  \\ ’i Ill rc:]s[):tabl~ aperture size, the available

cic~)rc~.s  of’ flccdmn ill a(ijusting  the amplitudes and

~Jxrscs  arc rlmch  Ilwrc tjurncrous  than in the casc ofa

~mr;lllolic  rcflcctc)r, ‘1’IIus, a configLlrablc  beam, as

i]! L} ’dr:ltcd  ill ]’i~,tlr<’ 8, c a n  bc m o r e  prcciscly

s~llllli--sixd  ;Illd ~lcllic\(I:i  by a rcflcctarray antenna than

b>’ il ]Jaralltdic  ]cflc(tor.
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[11 R I hlu[lw~r,  a(Id 1 1 .  lkrddad,  “Microstrip

R~fl~~(]tli\)  foi Satrll)lc  Communication and RCS

E;rll]:u,ccriwlit  or Rcti~l([io]l”,  U.S. Patent 4,684,952,

Au~LIs[ 19X7,

[2J J. lhlanfJ, ‘hlicr t~sII  ip Rcflcctarray”,  IEEE AP-S

S?lnptlsiurll,  i ,orl(loil, oiltario, Canada, pp. 612-615,

Jur]c  1°91,

~3) 1), M. Pozar rr,,d ‘1A. Mctz,lcr, c< Analysis of a

Rrfl~:c[:~rra} [Isi[lp,  h! )crost[  ip Patches of Variable

Sims”. l;icctro[lics  1 ct[~rs,  Vol. 29, pp. 657-658, Aprii
]y):{

[4] J ll~l:~r~~,. “1 ]:~[l(l{vidth  S t u d y  o f  Microstrip

Rcfl(ctarlay :irl(i  a  NOICI  P h a s e d  Rcflcctarray

(km(clli”,  ltll;l’ A1)-S S)Ill~losiun~, Nc\\~~ort B e a c h ,

(M> p]), 58:j-SN5,  JIIIIL 1°[)S,



.

[5] J. Huang, “Analysis of a Microstrip  l{rf).ci;!  11,1)

Antenna for Microspac.ccraft  Applications,” .lI)l ~ “1 I )f

Progress Rcport42-120,  pp. 153-172,  1;cbluatj 1{~(5

[6] S. D. Targollski  and D. M. Poza], ‘sAn:ll~si~  :IIId

Design of a Microstrip  Rcflcctarray  [Isillj: l’:It(:l Iti of

Variable Size”, IEEE AP-S/URSl S.ymp. , ])J1 1 ~ 2( )

1823, June 1994.

[ 7 ]  D.~.  ~hang  a n d  M.~.  ]Iuang,, ‘Lhlull i)l:-

Polarization Microstrip  Rcflcctarray Antcll~~:l  \\i[ll  I i):]]

F3Tcicncy  and 1,OW (ross-polarization”,  1 I 1 t ‘1 ] ]tl~.

Antennas & Pmpag.,  pp. 829-834, Aug,us(  19(;5

[8] A. Kclkar, “];l  /APS: ~OJlfOJ-llla] }’h:lSrd ]{,.1)(’  [)’ ):’

Surfaces”,  Procccdings  of the IE}3J+  Natioti:ll  R IcI lr

Con fcrcncc,  pp. S8-62, hkrch  12-13, 1991

EIECTANGU1 AFl
MICFIOSINIFI
PAICtl

1

c1
L~LP PC: MICROS II: II>

,/ lFIANSMl  SS10t4

[’#LP[P[VL LINK

FEED cYEPrP[P[  PLP
ANIENNA [ YLP[-P[4[.YLPLY
“a rP[ P[lJIPLPrP[-P

LPI  PIPIPLPLFILP
CPIPIIPILYIPCP[.P  + GNCIUIJ!  I

PLANF
EP[”P[JJ[P[PLPE

LP[WLYCWrY
[PC P[’#L.P DIEIFc1}IIc

P[’+[P SUEFS1  No.1 I

FlgLlrC ]. ~ollfiguraticm of printed Jcflccla I J ,~\ 1{ if 1)

Clcctronic, beam scanning c.a])a~)il il>

] i{:,un 2, (’o])fi!~~lr;i(iorl ofprintcd  rcflcctarray  with

]lm~lmliic:~l  bcarn  scanning capability

1 ip,urc 3. SKk-w;Ill mounting of printed rcflcctarray

f(,r ] )1 IS application



.*.

FOgurc 4. land vehicle usage of print~d  l~f~~,:t:l  1,1,

fc)r 1)11S  application

[D,=:, f,,?

8

<-”mm-l”----- ______
I;igure 5. F’krt  rc+lcctarray  as sirllpl(  dcj,l,~j  :11,1,.

krrgc arltctlna  for SpaCC a]~l,]lc  :lli<)t~

l;i$,r~lc  6. lIlfl:Itat~lc  Inr:gc rcflcctrrrray  for space

all}]lic.ltiorl

1 iyr c 7. III it]lc(i di]mk rcflcctarray for integrated

solar-nl  I:ly/:tlltcrlna  application


